Systemic perspectives of innovation integrate complex interrelations among enterprise, science and technology, and governance spheres. Innovation networks are crucial within innovation systems and refer to the linkages of a variety of actors with the purpose of innovation. In this article, the determinants of innovation networks are analyzed using a qualitative original database of online information about 623 organizations in Portugal. A binary econometric regression for all types of entities is estimated. The model underlines that actors using external technologies and promoting knowledge are more likely to innovate. In parallel, actors that are involved in managing and supporting entrepreneurship have a smaller probability to do it. Advanced firms and universities are the actors more willing to dynamically innovate. Specific models for firms and universities create a direct comparison between the determinants in both collectives. While promoting knowledge and specific orientation towards innovation is essential for firms it is not relevant for universities. Managing knowledge is the crucial catalyst for the innovation practices in universities. External technological linkages are essential for both types of actors in the creation of innovation networks. The article concludes with policy implications regarding the support of cooperation activities to instigate innovation.
Introduction
Innovation encompasses a variety of cooperative activities centered in the development of new products and processes and in the increase of competitiveness. As a relational process, innovation involves a diversified group of actors connected by linkages with different degrees of intensity (Fløysand and Jakobsen, 2010) . Largely influenced by Nelson and Winter (1982) , evolutionary and institutional perspectives of innovation unveil a multifaceted and multi-stakeholder process, characterized by different types of relationships at various levels, such as social, historical, cultural, beyond a narrow economic approach. An essential feature of the knowledge economy is the high degree of innovation, with a very rapid rate at which skills become obsolete and new competencies are developed (Lundvall, 1996) . Processes underlying relations linked to innovation, knowledge creation and transfer, relate to interactive learning (Kirat and Lung, 1999) . Knowledge is a process itself, not only coming from R&D, since there are many ways of learning, through learning by doing, learning by using, learning by interacting (Lundvall, 1992) , the so-called DUI mode of learning. The existence of these evolutionary processes of learning and knowledge are rooted in the territory.
It is essential the attitude of the community toward the promotion of interactive learning, requiring an intention of actors in developing innovation processes and creating synergies (Capello, 1999; Camagni and Capello, 2009 ). The territory is seen as a relational space (Capello and Nijkamp, 2009 ), understood as the area for collective action, interpersonal synergies, informal cooperation that empowers and guide actors' behavior (Bramanti and Riggi, 2009) . Geographical proximity increases the transfer of tacit knowledge based on face-to-face interactions. The territory becomes the environment where the process of knowledge creation happens, which depends on the competitiveness of regions and existing companies. Geographical proximity is important, but other types of proximity are also relevant (Boschma, 2005) . Territorial dynamics of innovation is defined in a systemic way based on a complex environment and how this complexity defines the innovative capacity. Current innovative dynamics is a consequence of evolution, resulting in a sequence of trigger decisions along the pathway. Innovation is therefore not static but dynamic, evolves over time and is path-dependent.
This article assumes implicitly three basic elements that provide a territorial framework to the knowledge creation process: institutions, routines and cumulative knowledge. Institutions are the foundations for the innovation process, creating stability in uncertainty. They refer to habits, rules, traditions of a given society that are embedded within history, culture and the specific developmental trajectories, humanly devised constraints that structure political, economic and social interactions (North, 1991) . Routines are created and followed by actors, conferring more predictability to performance. Routines reflect embedded knowledge in organizations, which were created through experience. According to Nelson and Winter (1982) , routines shape the behavior of firms in order to enable the ability to have a decision before the problems emerge. Knowledge is cumulative as current knowledge depends on previous accumulated knowledge, defining future developments regarding the direction of innovative enterprises and path dependencies from which territories can hardly escape (McCann and Van Oort, 2009) . Relationships that emerge within a given territory define the technological trajectories that may be more or less favorable to innovation (Storper, 1997) . In contrast, territories do not have the same record of accomplishment of innovation because these three elements function as stabilizers, are disparate among regions, as well as the interaction within each territory is distinct. From the systemic perspective of Edquist and Hommen (1999) , these differences are recognized and considered fundamental to understanding the complexity of innovation in the territory.
The systemic perspective of innovation is particularly relevant as it integrates complex interrelations among enterprise, science and technology, and governance spheres, infrastructure, and institutions (Chaminade and Edquist, 2006) . Even if initiated with a focus in nation-states performances, the attention to sub-national scales gave prominence to territorialized visions of the innovation dynamics. One example is the term 'regional system of innovation' (RIS) that came into use in the early 1990s, informed by in-depth research on a number of European industrial regions (Uyarra and Flannagan, 2013) . The variety of concepts of 'innovation system' commonly underline the relevance of innovation networks and institutions that are geographically defined, administratively supported, that interact regularly and strongly to enhance the innovative outputs of firms (Cooke and Schienstock, 2000) . Innovation is of critical relevance for the evolution of industries where networks are considered one key element (Malerba, 2006) . Innovation networks are, in essence, the sets of relationships, ties or links between nodes that represent the existent innovation actors, persons, firms, organizations, interacting in the generation, use and dissemination of new knowledge (Fischer, 2006a) , allowing learning and innovation (Lundvall, 1992; Capello, 1999; Asheim, 2007) . There are distinct configurations, origins Innovation system approach can focus different scales and perspectives, from National Systems of Innovation (Lundvall, 1992) , Sectoral Innovation Systems (Malerba, 1999) to Regional Innovation Systems (Cooke, 1998; Cooke and Leydesdorff, 2006; Asheim, 2007) . The National Innovation Systems (NIS) have their main contributions in Lundvall (1992 ), Freeman (1995 and Nelson (1993) , whose basic argument is that innovation comes from a socially embedded process of learning which can only be understood if framed in the institutional architecture, historical context and culture of a particular nation-state. According to this view, the dynamics of innovation regards to the fact that all individuals belong to a nation, defined by common culture, language and ethics, obtained in a single geographical space under one central State authority. The concept of RIS is inspired by the concept of NIS and coincides in several dimensions with other territorial models of innovation such as clusters or industrial districts (Asheim, 2007) . The similarities with the NIS are notorious in the sense that it also emphasizes that innovation dynamics depends on elements embedded in territory and society. However, the importance is given to the regional level rather than national. This focus is justified by the existence of cultural and institutional differences between regions, different types of interactions that are developed specifically within each region (Cooke, 1998) . RIS combines a focus on regions with a systemic approach (Cooke and Leydesdorff, 2006) . Moreover, regions would be more prone to the establishment of systemic relations between actors (Asheim, 2007) , through the strengthening of relations of trust (Cooke, 1998 ) that exists at the regional level, given the geographical and cognitive closer relation.
Companies expand and enhance innovative performance by strengthening internal and external interaction. Impacts at the firm level reflect an increased awareness and capacity of individual knowledge, which in turn will lead to an improved ability of the firm to leverage the individual capabilities and increasing capacity to absorb knowledge at the aggregate level. Absorptive Capacity is the capacity to explore, evaluate and use external knowledge. This ability depends on prior knowledge that can be derived from the basic knowledge, as a common language, to the latest technological knowledge (Cohen and Levinthal, 1990) .
Innovation is the result of an interaction between local actors, government and research institutions. These interactions enable companies to overcome internal needs through relationships established in the territory (Fratesi and Senn, 2009 ). This dynamic tends to be self-reinforcing, since the companies tend to seek external knowledge. As knowledge becomes more complex, the knowledge produced internally is no longer sufficient. and implications for networks. The concept of network is a major focus of analysis of the economics of innovation but remains unclear the explanations about internal features and the identification of cooperation dynamics with the goal of creating and consolidating innovation networks.
The present article is focused in the cooperation determinants of innovation networks. It is particularly important to understand how innovation relates with different patterns of collaborative activities regarding knowledge production, exchange and transfer. In parallel, the study is interested in understanding the different behaviors of innovation actors and their likelihood to engage innovation. Using a novel approach, that mixes the selection of qualitative data based in content analysis of organizational websites with standard econometric tools, the study defines types of knowledge cooperation and links these with the specific actors' behavior and the emergence of innovation networks. For these goals, the article is organized as follows. A first section reviews evolutionary and institutional perspectives on innovation networks, clearly separating this notion from other interconnected, knowledge network. A second section presents methodological notes about the empirical analysis and the main interrogations that this study is trying to address. A third section presents an econometric exercise that provides insights for the determinants of innovation networks. The article concludes with policy implications.
From knowledge flows to innovation networks

Innovation systems as the context for networks
An innovation system is a set of actors that interact with the aim of creation and diffusion of knowledge, involving a number of different agents promoting new knowledge and its economically useful application. The commitment between actors may be or not formal, as different types of interactions occur within the innovation system (Edquist and Hommen, 1999; Capello, 2009b) . Essentially, there is a focus on cooperation to foster knowledge flows. It is assumed that the greater the interaction, commitment and cooperation between the actors involved, the larger the innovation promoted within the system. The innovation system is based on the possibility that flows do not follow a route defined a priori. This is only possible by assuming that knowledge derives not only from scientific knowledge but also from the combination of different synthetic, analytical and symbolic forms of knowledge (Cooke and Leydesdorff, 2006; Asheim, 2007) . the role of networks and connections of territorial actors with other external networks (Fratesi and Senn, 2009; Uyarra, 2010) . Each system has its own channels that enable and allow its existence. Relationships between actors, when being continually enhanced, promote the stabilization of networks (Chaminade and Edquist, 2006) .
The Emergence of innovation networks
Networks may have different origins and be constructed in different ways. Knowledge sharing gives a special feature to the dynamics of innovation systems. Shared knowledge usually results in the increasing of the reservoir of knowledge, contrasting with other economic inputs and factors of production that seem to diminish when shared (Sveiby, 2001) . This situation created a growing emphasis on networks as a fundamental strategy for competitiveness. In the words of Storper (1997) , if mass production was the recommended strategy three decades ago, currently the best strategy is the participation in networks. Networks in the context of knowledge economy imply the need for two key elements: cooperation and intentionality (Visser, 2009) . Cooperation involves necessarily not only companies but other actors such as universities, research institutes, laboratories, public agencies and government. Knowledge networks are strategic processes in the sense that they are intentional, selective and repetitive, albeit temporary, of knowledge exchange between innovation actors. Networks rely on how acquaintance linkages are mobilized (Morone and Tayor, 2012) . Knowledge networks depend on the past success, accumulated experience that may help to innovate together and increases the similarity of knowledge stocks. Tensions exist between the facility of engaging with partners that share a relevant proportion of commonalities and partners with different and complementary knowledge. The ways that actors overcome these tensions result in the variety of network structures (Cowan, Jonard and Zimmermann, 2006) . Innovation networks are evolving entities that depend in the tacitness of the knowledge base and the irreversibility of the system (Llerena and Ozman, 2013). The evolution of networks also depends on the relations between leaders and followers (Grebel, 2012) .
Three aspects derive from the ideas explained above: first the existence of knowledge networks is a prerequisite for the dynamics of innovation in a systemic approach. The second aspect involves the attribute of trust. Networks involve a certain stability of relationships, so there is a central role for trust among the agents involved. Trust is the basis of social capital and for the promotion of knowledge sharing as it allows the reduction of risk and uncertainty (Capello, 1999) . Trust is so important in the dynamics of innovation that the breach of trust is fatal to the successful operation of systemic interaction (Cooke, 1998) . The third aspect derives Starting from a basic assumption that geographical proximity effectively promotes the exchange of tacit knowledge through face-to-face contact, there is nevertheless a broader perspective on how this dynamic develops. Tacit knowledge is essential for creating competitiveness through innovation, by its own intrinsic characteristics: it is hardly codified, takes extensive periods to be acquired, is obtained primarily through experience, is extremely expensive and sensitive to the social context (Maggioni and Uberti, 2008) . Therefore, tacit knowledge is hardly imitable or transferable to other regions and may be a source of competitiveness. Consequently, geographical proximity is one of the key-enablers of the transfer of tacit knowledge. However, physical proximity is not sufficient to ensure knowledge flows are transformed in stabilized networks. It takes intrinsic aspects of the territory, connected with the social capital (Putman, 1995) referring to the characteristics of a given society that facilitate coordinated action and function as the glue facilitating cooperation and learning (Cappellin and Steiner, 2002) . Social capital is a complex phenomenon that involves the relationship and value of a particular group of players that can be activated to produce benefits to those that possess it (Field, 2003) . It relates directly to the notion of embeddedness (Granovetter, 1985) , suggesting that the actors do not work outside a social context, but are not limited to fulfilling a pre-determined role in accordance with the socio-cultural categories that occupy in a particular moment. Even if the exact role of social capital as an antecedent of innovation remains unclear (Barrutia and Echebarria, 2010) , it is crucial as impacts both the performance of businesses and regions (Cooke et al. 2005) . Economic, social, cultural and historical fields have a certain social capital, which in turn defines the cognitive models and learning in each region in each moment. It is worth noting that social capital is a spatial phenomenon. The first reason relates to the spatial distribution of actors that possess social capital. But other reasons are also relevant. A dense network of relationships is easier to maintain with proximity. This is even more true for weak links that need to be consistently lubricated, and are seen as crucial to the innovative dynamics (Rutten et al., 2010) .
Furthermore, in the innovation system perspective the linear model is replaced by chain-linked versions (based in Kline and Rosenberg, 1986) , admitting multiple interactions in many different ways, loopbacks and feedbacks among actors as an essential source of innovation and self-reinforcing processes (Edquist and Hommen, 1999) . Innovation systems are not tangible or restricted, are internally "alive" and relate primarily with networks of complex relationships, which allow knowledge flows to reproduce continuously. For this continuity to occur, innovation systems have to be opened, linking with other systems of innovation (Bramanti and Fratesi, 2009; Bramanti and Riggi, 2009) , giving relevance to economic activity (Porter, 1998) . In the innovation system perspective, the assumption of the existence of knowledge networks, whose evolutionary process in the region will lead to innovation networks. These will be equipped with intelligent actors, intense relationships and dynamic synergies that, as Cooke (1998) points out, are committed to interactive learning. Specialization is important but diversity and complementarities of related actors and sectors is critical to the creation of Jacobs' spillovers within the system. An innovation system is a framework that will encompass the internal innovation networks but also external connectedness. In short, it is very important to emphasize that networks have an essential role on the systemic approach. Innovation systems consist of relationships and networks are the channels that enable these relationships.
Preliminary Aspects for the Empirical Analysis
Having presented the interest in studying innovation networks, as they are central for innovative dynamics and to structure robust innovation systems, in the following empirical section we will develop a confirmatory study about the types of cooperation flows that are prominent in innovation networks using a mixed methods approachqualitative and quantitative data and techniques.
We depart from the notion that innovation networks to exist require the focus in the economic usefulness. This is the distinctive character of innovation when compared with invention. The analysis gives emphasis for new product development, one of the types of innovation (OECD, 2005) that more clearly relates to direct economic benefit.
The literature underlined that innovation networks are explained by different patterns of cooperation channels and agglomeration. This study provides evidence of the likelihood of innovation actors participating in innovation networks given the behavioral constraints and the different types of entity. To this purposes it was necessary to gather data that provided information about the type of actors in the system, their spatial location, and the innovation-related cooperation activities.
The data collection was performed with a careful observation and content analysis of 820 internet websites of innovation actors. The data collected refers to the Portuguese innovation system and reveals not only the actual activities developed but also the strategic options of communication. Details on the recent evolution of the Portuguese NIS can be found in Guerreiro and Pinto (2012) . The database collection and sample are specified in detail in Galindo et al. (2011) . The clean database comprised 623 organizations: 18 governmental agencies, 297 private from the recognition that for one hand, innovation involving creation and transfer of knowledge is essential for economic competitiveness, on the other, it is assumed that new knowledge does not always necessarily lead to economic gains. This last point raises a question, how to ensure that knowledge flows effectively become economically useful?
The relationship between knowledge production and economic growth is not clear or obvious in evolutionary frameworks. More precisely, knowledge networks alone do not guarantee economic gains, as the generation of knowledge does not imply necessarily economic usefulness (Bramanti and Riggi, 2009 ). Knowledge generated must be channeled in specific ways for promoting its economic valorization, transforming invention into innovation that is new economically useful knowledge, often connected with new product development. It is necessary that knowledge networks evolve into innovation networks, which require intense and fluid knowledge flows (Camagni and Capello, 2009; Cooke, 1998) . In sum, it is argued that innovation networks have three additional features beyond the cooperation and intentionality characteristics of knowledge networks (Nijkamp et al., 2010):
• Endowned with intelligent agents in the sense that they have a purpose, not only to work, but with the ability and intention to search for learning in a broad sense, aimed at the continuous creation, assimilation, use and transfer of knowledge with a logical and useful purpose. Agents do not only receive knowledge passively but are creative, find new solutions, actively contributing to the increasing complexity of knowledge.
• Exchange relations of knowledge are intense. The idea of intensity refers not only to the amount of knowledge exchanged in time. The intensity is related to the proximity of interests and with the opening of mentality, towards an open exchange and spontaneous knowledge. There is a focus towards the quality of relations and a real commitment to knowledge sharing and interactive learning.
• Thirdly, innovation networks have a dynamic synergy. This aspect comes from the cognitive environment that involves innovation networks, ensures the strengthening of networks and the continuity of evolutionary dynamics of the innovation system. It fosters innovation and provides the economic purpose of the network.
Altogether, innovation networks originate robust innovation systems, having an internal renewal capacity, making flows complex, as they create and distribute knowledge (Smith, 2002 with the organization of the collected data with the aim of making it operational, streamlining the initial ideas and main goal. The second phase was the exploration of the material, which consisted in the examination of the material with the definition of categories and identifying units of meaning and context within data. The third phase of the content analysis was the treatment of the results, inference and interpretation, with the condensation and the highlight of the relevant information to the overall analysis, culminating in inferential interpretations. This is a moment of intuition, reflective and critical analysis. Descriptive statistics for all variables are presented in annex.
• The types of actors that are more engaged in the creation of innovation networks through new product development -the firms are an almost obvious actor but other actors, such as universities and other public research organizations, are also engaged in this specific matter? • Channels of cooperation activities that influence innovation networks vary regarding the type of innovation actor. The correlation analysis (table 2) 
Innovation Networks
Econometric results
The econometric approach is inspired by a set of empirical contributions that focus the cooperation determinants on university-industry relations. Recent examples can be found in Gulbrandsen, Mowery and Feldman (2011) The dependent variable of this analysis, considered the proxy for the participation in innovation networks, is the new product development (NPD), connected with the economic usefulness of knowledge, that we directly associate with the existence of an innovation (table 3) . The nature of this dependent variable, a binary variable, taking a value from 1 or 0, denoting the existence or absence of new product development, causes that a linear probability approach is inaccurate (Gujarati and Porter 2010). Since the NPD is binary, the error term in the estimated model will also be binary and follow a binomial distribution. The alternative method commonly used is a logistic regression with a maximum likelihood estimator, the LOGIT model. This method facilitates the understanding of the change in the probability of the occurrence of an event with the modification of the explanatory variables under evaluation.
The estimation of a general model, including all sample cases underlines the relevance of several variables for new product development 2 . In annex, the complete tables for the different logistic regressions are presented. Linear probability models were also estimated for all regressions as confirmatory process of signals.
The general model shows that the most relevant cooperation channels for new product development are, in this order: Using the same principles, we estimated additionally three models for sub-samples. The goal was to understand the relative importance of the cooperation channels in the probability of generating innovation given the different types of entity. For the purpose it was created three groups of innovation actors, the first constituted by the 297 firms, the second groups of 128 universities and other public research organizations, and finally a third group of 198 other innovation actors. The results of these models are summarized in the table 4. Table 4 : Cooperation Determinants of Innovation [Symbols: -non-significant negative coefficient; --significant negative coefficient at 0.1; ---significant negative coefficient at 0.05; ----significant negative coefficient at 0.01; + non-significant positive coefficient; ++ significant positive coefficient at 0.1; +++ significant positive coefficient at 0.05; ++++ significant positive coefficient at 0.01].
Variable TOTAL SAMPLE FIRMS UNIVERSITIES OTHERS
Firms are more likely to innovate with new product development if engaged in cooperation activities of promotion of knowledge (PK) and the utilization of external technologies (AET). Specific orientation for innovation (ORI) also has a relevant impact in the probability to innovate.
Regarding universities, the most relevant aspect is the proactive management of knowledge (MG). Universities and other public research organizations that are proactive in the management of their knowledge reservoir have a higher probability to develop new product developments. Other relevant channel for innovation is the utilization of external technologies (AET).
Other innovation actors are more willing to engage in innovation if they use external technologies (AET) or have a strategic focus to innovation (ORI). Nonetheless, the utilization of two types of cooperation flows are significant but negatively associated with the new product development. Most relevant is management of knowledge (MG). On the opposite situation of the universities, where MG was a critical positive aspect, when this group of actors gives emphasis to the management of knowledge are less likely to develop new products. On the same basis, innovation actors that are worried in the support to entrepreneurship (SE) are themselves less likely to introduce innovations by their own.
Conclusive remarks
The systemic approach brought new understandings to the innovation activities because these phenomena are transformed simultaneously into origins and consequences. Systems function as circuits for multiple reciprocal relationships where the complexity of the innovation dynamics will be unveiled. If on the one hand, linkages among actors create spillovers, the increase of cooperation and knowledge sharing generate more knowledge flows outside of firms leading to spillovers, on the other hand, the existence of spillovers leads to networks because increasingly the flow of external knowledge induces to an increased need for channels that enable shared and cooperative knowledge networks.
Assuming that in a given society social capital encourages interactive learning and knowledge flows, it tends to enhance the knowledge base by making it more complex. The complexity of the knowledge base and commitment to interactive learning, makes environment to embrace knowledge networks to answer to the need for proper channels of knowledge sharing. If there is an internal dynamics that favors the continuation of the process, knowledge flows become more intense having a qualitative effect on the interactions between actors. It creates linkages and growing trust in the creation, exchange and sharing of knowledge as well as an increasing involvement with learning. This is surrounded by a dynamic environment, where the growing complexity of knowledge requires a dynamic synergy between actors creating innovation networks.
Innovation networks arise from knowledge networks, which reached a level at which knowledge flows are intensively shared. Innovation networks are instigated from knowledge spillovers and the absorptive capacity of firms. Although there are several possible ways of how this dynamics may evolve, after the existence of innovation networks, there will be positive effects on economic performance. It is assumed that if innovation networks do not bring economic benefits, they cease to be useful, leading to its own degeneration and loss of internal dynamics. The economic aspect is part of the raison d'être of innovation networks and therefore the essence of innovation systems. Cooperative activities are connected with social capital, developing the preconditions for the dynamics of innovation occur.
Econometric results were illustrative of the relevance of particular types of cooperation activities for innovation networks exist. Firstly, it is important to underline that agglomeration benefits to new product development were not evident in the estimation, as the location of the innovation actors in the main city was not statistically significant in any model. In this way, the determinants of innovation were more related with specific cooperation activities. The utilization of external technologies is of greater relevance. This is indicative that much of innovation within knowledge networks can derive from absorbing external knowledge and incorporating new technologies in the productive processes. This means that this type of knowledge exchange channel should be taken seriously by policy-making and benefit from direct support for the improvement of the overall innovation system performance.
Other relevant feature regards the relevance of strategic orientation towards innovation. Actors that strategically orientate their activities are more likely to develop new products and thus creating innovation networks. This means that the qualification of strategic processes should also be targeted by policies that could improve the knowledge intelligence capacity.
Innovation actors are quite different in terms of what is determinant for them to innovate. It means that innovation policies that intend to develop networking and knowledge exchange need to address carefully the specificities of each type of actor. Besides the external linkages through technology acquisition, while for companies it is particularly relevant the active promotion of produced knowledge, universities need to develop the management of the existent knowledge reservoir. This implicates that firms should benefit from policies oriented to the promotion of the new knowledge produced in their networks, i.e., mainly an external feature, when, in parallel, universities need to benefit from policies for the upgrade of their internal knowledge management capabilities.
Another interesting result is that the engagement in particular types of activities that are crucial for the innovation, as supporting entrepreneurship, do not grant to these actors a status of innovator. In the fact is the contrary, supporters of innovation are relevant actors but not the innovators themselves. This clarification is extremely helpful for decision and policy makers, at different levels, from governments to university boards, that begin to confuse often the functions of innovation intermediation actors with the role of firms and research entities within innovation networks. *Change in "% Correct" from default (constant probability) specification **Percent of incorrect (default) prediction corrected by equation *Change in "% Correct" from default (constant probability) specification **Percent of incorrect (default) prediction corrected by equation ***significant at 0.01, **significant at 0.05; *significant at 0.1. 
